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“The sun’s rays are the ultimate source of almost every 
motion which takes place upon the surface of the earth. By 
its heat are produced all winds and those disturbances in the 
electric equilibrium of the atmosphere, which give rise to the 
phenomena of terrestrial magnetism. By their vivifying action 
vegetables are elaborated from inorganic matter, and be¬ 
come in their turn the support of animals and men, and 
the sources of those great deposits of dynamical efficiency 
which are laid up for human use in our coal strata. By them 
the waters of the sea are made to circulate in vapour through 
the air and irrigate the land, producing springs and rivers. _ By 
them are produced all disturbances of the chemical equilibrium 
of Nature, which by a series of compositions and decompositions 
give rise to new products and originate a transfer of materials.” 

In a note in Mr. Herbert Spencer’s “First Principles” (2nd 
Ed., p. 496), which first led me to look at this passage, it is re¬ 
marked that Herschel “ expressly includes all geologic, meteoro- 
logic, and vital actions, as also those which we produce by the 
combustion of coal,” in the effects of the solar rays. When, 
therefore, Prof. Tyndall states that Mayer revealed the source 
of the energies of the vegetable world, it appears to me 
that Herschel anticipated the revelation twelve years previously. 
Of course, I apprehend that Mayer’s merit consisted in seizing at 
once a physical principle of immense generality, and in applying 
it to very different phenomena, Herschel began at the other 
end ; but appears equally to have seen the solar energy under¬ 
lying these phenomena, though in a general way, and without 
demonstrating numerical relations. 

2. De Saussure is credited unreservedly with the observation 
of the reducing power of the solar rays in the vegetable economy. 
But he seems to me, as, indeed, he seemed to himself, to have 
only crowned a theory which other workers had elaborated. 
Priestley began by ascertaining that air depurated by animals 
was purified by plants. Ingenhousz showed, what Priestley can¬ 
didly confesses he missed, that this effect is due “ chiefly, if not 
only, to the light” of the sun. Senebier found that “fixed air” 
was the ingredient which plants removed from a vitiated at¬ 
mosphere, and that this underwent elaboration in the tissues, 
oxygen being set free- as the result.* Lavoisier having 
previously shown that fixed air was a compound of carbon 
and oxygen, Senebier’s results implied the fixation of carbon by 
plants. This fixation De Saussure actually demonstrated by 
feeding a plant with carbon dioxide and water alone, and show¬ 
ing that the carbon in the tissues increased. He further found 
the unexpected fact (and this is what he added to the matter) 
that the oxygen evolved by plants does not correspond to that 
contained in the carbon dioxide absorbed, but that it is smaller 
in quantity. 

De Saussure’s researches are a beautiful example of quantita¬ 
tive work, but they would have, I imagine, merit of a different 
order if Priestley, Ingenhousz, Senebier, and Lavoisier had not 
broken ground before them. 

W. T. Thiselton Dyer 


Phenomena of Contact 

In Nature of August 24 I objected to, as misleading, the 
statement by Mr. Newcomb that “we find ligaments, black 
drops, and distortions sometimes seen in interior contacts of the 
limbs of Mercury or Venus with that of the sun, described as if 
they were regular phenomena of a transit, without any mention 
of the facts and experiments which indicated that these pheno¬ 
mena are simple products of insufficient optical power and bad 
definition which disappear in a fair atmosphere with a good 
telescope well adjusted to focus.” I asked for references to the 
facts and experiments by which the statements are justified. 

In Nature of September 28 I find Mr. Newcomb’s reply, but 
without the references which I desired. Mr. Newcomb considers 
that I controvert the two following propositions :— 

1. That the irregular phenomena of internal contact of a 
planet with the sun, variously described as distortions, black 
drops, ligaments, &c., are not always present, but are only seen 
sometimes. 

2. That when seen they are due to insufficient optical power 
or bad definition. 

If the word “irregular” is cut out, and the word “seen” sub¬ 
stituted for “present” in proposition (1) there can be no doubt 
about its truth. It will be found that all the arguments adduced 

* Recherches sur i’mfluence de la lumiere solaire pour metamorphoser 
1 ’air fixe en air pur par Sa v£g6tation, 1783* 


by Mr. Newcomb to prove this proposition have no hearing 
either upon the word “ irregular ” or “ present ” in contradistinc¬ 
tion to “ seen.” 

It appears to me, therefore, quite unnecessary to allude 
further to this proposition. 

With reference to proposition (2), I believe it to be utterly 
erroneous. I believe that the phenomena of the fine connecting 
ligament can only be seen in a fair atmosphere, with, a good 
telescope well adjusted to focus, and with considerable magnifying 
power. When it is remembered that the fine connecting liga¬ 
ment is confined to within about a second of arc of the sun’s 
limb, I think my statement will at least commend itself to prac¬ 
tical observers. Mr. Newcomb appears to regard it as a great 
difficulty in my view of these phenomena, that some of the 
observers should see the ligament and some not. I am rather 
surprised at the persistence with which this point is again and 
again brought forward iu his letter. I thought that it had been 
answered by anticipation in my letter which appeared in your 
number of August 24. In all my writings upon the subject I 
have maintained that the phenomena could only be seen under 
favourable circumstances and with sufficient power; and in my 
letter of August 24 will be found this statement, which appears 
to have been entirely overlooked, at least unanswered, by Mr. 
Newcomb :—“ The optical enlargement by irradiation is a func¬ 
tion of the brightness, and can be made insensible by sufficiently 
diminishing that brightness. Unfortunately, however, when this 
diminution of brightness is carried to a very great extent, errors 
in an exactly opposite direction to those of irradiation will come 
into play, similar, in fact, to the results of Wolf’s experiments. 
The observations of Mercury on the sun’s disc in 1868 were 
made with very different optical means, and some very different 
methods were adopted for diminishing the sun’s glare.” In my 
view those observers who did not see the connecting ligaments 
failed to see it, either from want of attention to the point as 
not a contact such as they expected to see, or from the observa¬ 
tions Laving been made under such circumstances that some of 
the necessary conditions which I have indicated were not satisfied. 

The fine connecting ligament is only seen by contrast against 
the illumination of the sun’s disc near the point of contact, 
and it may well be that some of the observers have pushed the 
diminution of brightness of the sun’s image to such an extent that 
the contrast was too feeble to attract attention before the appa¬ 
rent contact. To me, and I think to others who will give the 
matter some consideration, it is clear enough “ that an ooserver 
with the naked eye, a telescope of low power, would not, in the 
case of a transit of Venus, see the connecting ligament at all.” 
It is as clear “that without seeing any ligament, the planet, at 
egress, would appear to touch the limb without distortion, neces¬ 
sarily, earlier than the contact would appear to be established to 
observers who were watching the transit with good telescopes and 
with high powers.” It appears to me equally clear that, if the 
brightness of the sun’s image be reduced to excess, then the ever- 
diminishing small portion of the illuminated disc between the 
sun’s edge and the advancing planet, at egress, may be made to 
disappear, from sheer inability to appreciate so faint a light, before 
the contact would appear to be established to observers who had 
not so reduced the brightness of the image. Disturbing causes 
such as these do exist, and their effects must be recognised. I 
must apologise for bringing forward such arguments ; but, since 
one observer has published his opinion that the “ligaments, 
&c.,” do not exist in contacts, because he looked at the transit 
of Mercury with an opera glass and saw nothing of the kind, it 
would appear necessary to recall attention to a common-sense 
view of the points at issue. 

But whatever may be the opinion of Mr. Newcomb respecting 
the explanation which I have given of the probable reason why 
some of the observers have not seen the connecting ligament, he 
must feel that it will at least be difficult for him to explain away 
the positive evidence of the numerous observers who profess to 
have seen the ligament with first-rate telescopes. Some of them, 
at least, were gentlemen not likely to have forgotten to adjust 
their eye-pieces to focus, even if such a neglect would have pro¬ 
duced the phenomena observed. I11 cases where the ligament 
has been seen, it will be found that the earlier lines of contact 
at egress have been given by observers with the best telescopes 
and high powers. This is strikingly shown by the Greenwich 
observations of the transit of Mercury, 1868. It is a result in 
perfect accord with my views. Very large and systematic dis¬ 
cordances will be found to exist between the times o! internal 
contact at the transit ot Mercury, 1868, in cases where no con¬ 
necting ligament was seen at all. This has been passed over in 
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silence by Mr, Newcomb; but it is important. It would be 
difficult to select from such groups of observers—-the French, for 
example, who saw no connecting ligament—those who saw “the 
phenomena exactly as we know they are and unless this can 
be done, I am afraid that Mr, Newcomb’s somewhat unique ar¬ 
gument upon this point might be made as easily to prove the 
converse as the result he deduces from it. All these observa¬ 
tions, in my view, are good; but they are not strictly observa¬ 
tions of the same phenomena. 

Mr. Newcomb rejects at once the force of the evidence of the 
observers of the transits of Venus, 1761 and 1 7 ^ 9 ? u P orl the 
question of the connecting ligament “till we have better 
evidence than now exists that their object-glasses were such as 
Clarke or Foucault would call good.” The phenomena con¬ 
nected with the ligament must be far more marked in the case of 
Venus than in that of Mercury, on account of the large diameter 
of Venus. To reject therefore by an impossible condition all the 
evidence in our possession respecting transits of Venus is cer¬ 
tainly a bold step ; but Mr. Newcomb appears to me to attach 
far too much importance, so far as irradiation phenomena are 
concerned, to the improvements effected in modem telescopes. 
The image of a point of light on the most perfect object-glass 
which can be conceived is not a point, but a disc, of which the 
illumination degrades rapidly from the centre, and which is sur¬ 
rounded by concentric rings of light, The law of degradation of 
the illumination of the central disc has been given by me in the 
Monthly Notices, November 1865. The result of theory upon 
these points has been most completely tested by experiment. 
The existence and regularity of these concentric circular rings is 
one of the most delicate tests of the perfection of a telescope. 
Since we have a disc of light corresponding to a point in the 
most perfect object-glass which can be made, the visible image 
of the sun formed by such a glass will not terminate with the 
geometrical image. This result of theory is confirmed by experi- , 
nient. The optical enlargement found under degrees of illumi¬ 
nation similar to those very commonly adopted in observations of 
the sun is amply sufficient to produce by its destruction near the 
point of contact the phenomena which so many observers of 
experience have declared that they have seen. That the optical 
enlargement is sufficient for the purpose can be seen from the 
experiments of Dr, Robinson, of Armagh, and from the Greenwich 
discussions of eclipse observations. This was pointed out in my 
letter, in your number of August 24. With respect to Mr. . 
Newcomb’s remark as to the application of this theory of irra¬ 
diation to a transit of a planet, viz., “ we require to know 
whether the irradiation of an extremely minute thread of light 
darkened so as to. be barely visible is the same with that of a 
large disc, I am decidedly of opinion that it is not, and if not, 
the fact that the sun’s disc is optically enlarged by the telescope 
or the eye of the observer cannot be directly applied to the 
phenomena of transit.” I have merely to remark that Mr. New¬ 
comb is undoubtedly right when he asserts that the irradiation 
from the minute thread of light darkened so as to be barely 
visible is not the same as that of the large disc. It is simply be¬ 
cause such is the case that the phenomena of the connecting^ liga¬ 
ment appeal'. When the planet is well on the disc, the irradiation 
around the disc will not be disturbed, but as the planet 
approaches the edge, the irradiation near the point of contact 
must eventually be disturbed, and this disturbance, or change, 
gives rise to the phenomena observed—a black drop, connecting 
ligament, or whatever name you prefer to give to that apparent 
cutting out of a piece of the sun’s edge near the point of contact 
which must take place. After the disturbance of the irradiation 
has once commenced, the connecting ligament must at egress in¬ 
crease in breadth; but I do not profess to be able to give the law 
of the changing form with any degree of exactness. 

The experiments of Wolf and Andre were, as I stated in my 
letter of August 24, made upon a disc presenting no sensible 
traces of optical enlargement. The results can therefore have no 
bearing upon the question of irradiation. These results are un¬ 
doubtedly valuable in themselves, as showing experimentally the 
tendency of errors of observations of contacts under feeble illu¬ 
mination. They may throw light upon those observations at 
which no connecting ligament was seen, but they are useless to 
disprove or prove irradiation effects. 

My authority for stating that the observations of Wolf and 
Andre were made upon a disc showing no sensible traces of opti¬ 
cal enlargement, is contained in the memoir itself. ^ If Mr. New¬ 
comb is pleased to call the phenomena of “ telescopic irradiation ” 
a species of bad definition, there can be no objection on my part 
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to his doing so ; but it is not a species of bad definition “ which 
disappears in a fair atmosphere, with a good telescope well ad¬ 
justed to focus.” 

With respect to the ligament not being a celestial reality. 
The contact is not a celestial reality. My views of the reality 
of the phenomena are that the reality is neither more nor less 
than the reality of the phenomena presented at the focus of 
an object-glass when turned upon a star. The irradiation can 
in smy view be got rid of to the same extent and in the 
same manner that the central disc corresponding to the star’s 
image can be got rid of. You can reduce its dimensions by 
cutting down the illumination, and the disc will become a point, 
but only as it vanishes. 

If I may be allowed to give one word of warning respecting 
the preparations for the transit of Venus 1874, it is uniformity. 
Make such arrangements as you think best, but once made 
stick to them even if not absolutely the best The observations 
which are to be compared must be made as early as npossible 
under the same optical conditions. The whole success or failure 
of the work will, in my opinion, turn upon the extent to which 
this necessary condition is approximated to. 

E, J. Stone 

Royal Observatory, Cape of Good Hope, Nov. 18, 1871 


The Origin of Insects 

With your kind permission I will answer Dr. Beale’s ques¬ 
tions, published in his letter in your issue of December 21, 1871. 

Dr. Beale asks me what part of the nervous system of the 
maggot is present in the fly ? My answer is that I have traced 
the changes of the one directly into the other ; and that Weismann 
has done the same. There is no time in the pupa state when 
the nervous system is absent; but it is difficult to demonstrate 
this, as amongst so much molecular matter it is not easily found, 
and is very easily crushed and destroyed. 

Again, Dr. Beale asks me if I have seen any vestige of the 
mouth organs of the imago in the larva ? I reply that the man¬ 
dibles and maxi I Is exist in the egg twelve hours before the young 
maggot emerges, together with the fore and hind-head segments ; 
that these have all disappeared when the egg hatches ; but that 
the imaginal discs are already formed at that time. Now, I 
would ask if it bears the slightest aspect of probability that the 
larval head segments and mandibles, maxillae, &c., are formed 
for nothing, and that the imaginal discs are new formations 
arising contemporaneously with the disappearance of the larval 
head segments ? Dr. Weismann has shown unmistakably that 
the abdominal segments of the pupa skin are formed from the 
abdominal segments of the larval skin. Does it appear in the 
slightest degree probable that the thoracic and head segments 
have a totally dissimilar origin ? I admit that I have not been 
able to see the imaginal discs in contact with the head segments 
of the embryo ; but I have found the imaginal discs immediately 
after the egg is hatched, and they are then too much like the 
embryonic structures alluded to, to have had any other probable 
origin. The proboscis is formed from cells laid down within 
these discs ; of that there is not the smallest doubt. Dr. Weis¬ 
mann makes the same assertion, and, although I did not know it 
to be so at the time I wrote my work on the fly, I acknowledge 
it is so now, and that in my description of the origin of the pro¬ 
boscis I was wrong. In the Lepidoptera, and in some beetles, 
imaginal discs may be seen to have their origin in the inner layer 
of the larval skin. 

Again, Dr. Beale says :—“ Does Mr. Lowne mean to say, for 
instance, that he or any one else can adduce any reliable observa¬ 
tions to prove that the sexual organs are gradually developed, 
even from the time when the embryo is enclosed within the egg ? ’ 
I answer, yes. My own observations confirm those of Weismann 
on this head, and Dr. Beale will find, on looking again at page 
112 of my book on the blow-fly, that he has not correctly quoted 
my statement. I will also refer Dr. Beale to Dr. E. Bessel’s 
paper, “ Studien iiber die Entwicklung der sexual-Driisen bei den 
Lepidopteren,” in the “ Zeitschrift fur wissenschaftlicbe Zoolo- 
gie,” vol. xvii. I believe future observers will find the sexual 
organs are always so formed, even as they are in the vertebrata. 
There is another paper, by Siebold I think, on the same subject 
in the above-quoted periodical. 

Lastly, Dr. Beale asks me to explain what I mean by the sen¬ 
tence occurring at page 116 of my book :—“All the tissues of 
the larva undergo degeneration, and the imaginal tissues are re¬ 
developed,”. &c. I apprehend that the redevelopment of all the 
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